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(54) Tide: WIRELESS OPTICAL COMMUNICATIONS WITHOUT ELECTRONICS 

(57) Abstract . .. 

A system for. exchanging optical signals between two separate locations. Each location is provided with a transceiver that includes a 
transmitter and a receiver. Both the transmitter and the receiver are based oh a transceiver unit, used as a transmitter unit in the transmitter 
and as a receiver unit in the receiver. The transceiver unit includes a multimode optical waveguide and imaging optics that colli mates the 
light emerging from the waveguide in the transmitter; implementation of the unit and that focuses incoming light onto the waveguide in the 
receiver implementation of -the uniL The waveguide is .terminated by a FOAPC to suppress reflections at .the waveguide/air interface. In 
each transceiver, the units are mounted in clusters, with 1 their optical axes all parallel. Transmitter units' of a transmitter cluster are optically 
coupled via a splitter to a r common input waveguidei possibly via one or more optical amplifiers. Receiver units of a receiver cluster are 
optically coupled via a combiner to a common output waveguide. Alternatively, the receiver includes an airlink receiver to convert incoming 
optical signals to electronic signals and a converter unit to convert the electronic signals back to optical signals. The common waveguides 
in turn are optically coupled to network interface units at each location. Transceivers are aimed at each other to exchange optical signals 
between the two locations. 
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WIRELESS OPTICAL COMMUNICATIONS WITHOUT ELECTRONICS 

FIELD AND BACKGROUND OF THE INVENTION 

The present invention relates to wireless communications systems in general, 
and more particularly to optical wireless communications systems. 

Medved et al., in U. S. Patent No. 5,818, 619, which is incorporated by 
reference for all purposes as if fully set forth herein, teach a wireless communications 
system for linking different parts of an optical communications network- Each part of 
the network is provided with one or more optical communications network interface 
units and with universal converter units that are optically coupled to their respective 
network interface units. Each universal converter unit includes an airlink transmitter, 
an airlink receiver, a fiber optic receiver and a fiber optic transmitter. The fiber optic 
receiver receives outgoing optical signals from the network interface unit and 
transforms these optical signals to electronic signals. These electronic signals are sent 
to the airlink transmitter, where these electronic signals are transformed back to 
optical signals and transmitted as such into free space. The airlink receiver receives 
optical signals that were transmitted into free space by another universal converter 
unit and transforms these incoming optical signals into electronic signals. These 
electronic signals are sent to the fiber optic transmitter, which transforms these 
electronic signals back to optical signals that are sent to the network interface unit via 
a fiber optic cable. The network interface units and the universal converter units are 
operated in pairs, with each member of the pair being a portion of a different optical 
communications network or of a different part of the same optical communications 
network. The airlink transmitter of each universal converter unit is aimed at the airlink 
receiver of , the other universal converter unit to enable exchange of optical signals ' 
between the two optical communications network or between the two parts of the 
same optical communications network. 

The wireless communications systenlof Medved et al. is.iritended for use in an 
optical communications network in-' which signals are encoded in a single earner 
wavelength. Recently, optical cprmnunicat^ons networks based on dense wavelength 
division multiplexing (DWDM) have feen introduced. In a DWDM network, several 
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canier wavelengths are multiplexed on the same, optical fiber. The data transmission 
rate available using DWDM would overwhelm the electronics of the universal 
converter units of Medved et al. In any case, the various carrier wavelengths would 
have to be demultiplexed, and a separate network interface unit and universal 
converter unit would be needed for each carrier wavelength. 

There is thus a widely recognized need for, and it would be highly 
advantageous to have, a system for linking two parts .of an optical communications 
network that are remote from each other in amy that facilitates the exchange of 
DWDM optical signals. 

SUMMARY OF THE INVENTTON . : , T 

According to the present invention : ,there is provided an optical device 
including: (a) a multimode optical waveguide having a proximal erid and a distal end; 
(b) a single mode optical waveguide having a distal end; (c) a mechanism for optically 
coupling the distal end*of the single mode optical waveguide to the proximal end of 
the multimode optical waveguide; and (d) imaging optics, optically coupled to the 
distal end of the multimode optical waveguide. 

According to the present invention there is provided an pptical transmitter, 
including: (a) a common input optical waveguide; (b) a plurality of transmitter optical 
waveguides, each transmitter optical waveguide having a distal end; (c) for each 
transmitter optical waveguide, imaging optics, optically, coupled to the distal end of 
the each transmitter optical waveguide; and (d) a mechanism for optically coupling the 
common input optical waveguide to the transmitter optical waveguides. 

According to the present invention there is provided an optical receiver, 
including: (a) a common output optical waveguide; (b) a plurality of receiver optical 
waveguides, each jeceiver optical waveguide having a distal end; (c) for each receiver 
optical waveguide, imaging optics, optically coupled to the distal end of the each 
receiver optical waveguide; and (d) a.mechanjsm for optically coupling the common 
output optical waveguide to the receiver optical waveguides. 

According to the present iEvention there is provided an optical transceiver 
including: (a) a transmitter optical waveguide having a distal end; (b) transmitter 
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imaging optics, having a transmitter optical axis, optically coupled to the distal end of 
the transmitter optical waveguide; (c) a plurality of receiver optical waveguides, each 
receiver optical waveguide having a distal end; and (d) for each receiver optical 
waveguide, receiver imaging optics, having a receiver optical axis, optically coupled 
5 to the distal end of the each receiver optical waveguide;- the transmitter optical axis : 
and the receiver optical axes all being substantially parallel. ; * 

According to ; the- present invention there is ...provided a wireless 
communications systeni, kwludihg^Xa) aP^ transmitter optical waveguide having* a \ 
proximal end and a distal end; (b) transmitter imaging optics, optically coupled to the ; 

10 distal end of the transmitter optical waveguide; (c) at least one receiver optical 
waveguide having a proximal end and a distal end; ^dX for #chjat 
optical* waveguide, receiver imagiiig optics optically coupled ,to the distal end of the at 
least one receiver optical* waveguide;' and ' (e) an>optical communication network * 
mtetfa^-uhiC optically ^cou|ile<£ to the-ptoximai ends; of thfe .transmitter optical 

15 waveguide and of the atTeasfbrifei receiver optib4^ivai?eguidei ft* transmitting, optical 
signals to the transmitter optical waveguide' arid for receiving optidal signals from the 
at least one receiver optical waveguide. - ;■'» i .-.v : 

According -'te'ih^ifle^t-tavcnliotf there is provided an optical transceiver 
including: (a) a tranfeimtte^ bpfccal ^ ^vfegulde^haidngc^ distal end; (b) transmitter , 

20 imaging optics, having a thihsmitter optical axis- Optically coupled to the distal end of 
the transmitter optical waveguide; and (c) an airlink receiver having a receiver optical ; 
axis substantially parallel to the transmitter optical axisr ■ * ■ - 

According to the present invention there is provided a wireless communication 
system, including: (a) a transmitter optical waveguide having a proximal end and a 

25 distal eiid; (b) transmitter imaging optics, optically coupled to the distal end of the 
transmitter optical waveguide; (c) an airlink receiver; (d) a converter unit, electrically 
coupled to the airlink ^ receiver; and (e) an optical communication network interface 
unit, optic^Uy coupled to the proximal end'bf the transmitter optical waveguide and to 
the converter unit, for transmitting optical signals to the transmitter optical waveguide 

30 and for receiving optical signals ftom the converter unit \'- 
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According to the present invention there is provided an optical device 
including: (a) an optical fiber having a distal end; and (b) a FC/APC fiber optic 
connector serving as a reflection-suppressing interface between the distal end and a 
rarefied optical medium. 
5 According to the present invention there is provided a wireless system for 

transmitting wavelength-multiplexed optical signals from a first location to. a second 
location, including: (a) an optical transmitter, at the first location, the optical 
transmitter including a multimode input optical waveguide for receiving the optical 
signals; and (b) an optical receiver, at the second location, for receiving the optical 
10 signals from the optical transmitter. / v ; : r ; , 

According to the present invention there is provided a method for exchanging 
optical signals between two parts of an optical network, including the steps of: (a) 
providing each part of the network with: (i) a network interlace unit, and (ii) a 
transceiver including: (A) transmitter imagmg optics, .(B)- -at* least one transmitter 
15 optical waveguide for optically coupling the network interface unit to the transmitter 
imaging optics, (C) receiver imaging optics, and (D) at least one receiver optical 
waveguide for optically coupling the network interface unit to ^the^ receiver imaging 
optics; and (b) aiming the transceivers so that at least^part of the optical signals 
emerging from the transmitter imaging optics of a first the transceiver are intercepted 
20 by the receiver imaging optics of a second the transceiver and so that at least part of 
the optical signals emerging from the transmitter imaging optics of the second 
transceiver are intercepted by the receiver imaging optics of the first transceiver. 

According to the present invention there is provided a method for exchanging 
optical signals between two parts of an optical network, including the steps of: (a) 
25 providing each part of the network with: (i) a network interface unit, and (ii) a 
transceiver including: (A) transmitter imaging optics, (B) at least one transmitter 
optical waveguide for optically coupling the network interface unit to the transmitter 
imaging optics, (C) an airlink receiver, and (D) a converter unit, electrically coupled,, 
to the airlink receiver and optically coupled to the network interface unit; and (b) 
30 aiming the transceivers so that at least part of the optical signals emerging from the 
transmitter imaging optics of a first the transceiver are intercepted by the : airlink 
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receiver of a second the transceiver and so that at least part of the optical signals 
emerging from the transmitter imaging optics of the second transceiver are intercepted 
by the airlink receiver of the first transceiver. 

The basic idea of the present invention is to eliminate the conversion of optical 
signals in the universal converter unit to electronic signals and then back to optical 
signals. Instead, the outgoing optical signals, from one network interface unit in one 
part of the opUcal communications network; are launched directly intt>; free space and 
are received dir^y'by^anathgrvfletw^ unit in anothecpart.of the optical 

communic^ons^netwoikc^i^^^! l^c^s wis is .-»vV./-? irz'jqr, *s { <■>) r ^ " 

To facilitate the direct exchange of optical • ^signals between':tbei hetwprk 
interface units, ^h'n^twbrfcifeterf&e (transceiver, 
based on a transceiVerilriit that is used; either as a transmitter unit or a receiver unit „ A 
basic transceiver unit^has ah optical fiber terminating at one end of. a cylindrical 
housing and imaging* opti6?)at"^ of the housing. \Th6;optical fiber, is 

provided with 'a mechanism, such las^a EG/AP€f for ^pre5sing{reflectionSi at the 
fibef-aiir interface/ When the transceiver unit is used ; as, a transmitter unit, optical 
signals launched 4om* the end of the optical fiber are coBimated by the imaging optics 
into a 1 collimatM'^ transceiver unit.is used as-a receiver unit, the 

iinagipg optics fdcu^'opticd'^ the optical; 

fiber; ' Preferably, the ojrtfcal fiber is ; a multimode optical) fiber so that the beam 
launched from the opticaTJifer in transmitter mode has in adequately large divergence . 
angle. - ij " : ^ -'-i o ~ /• ^ 

The transmitter l imits and 1h<? receiver oinits are used in clusters, to overcome 
scintillation. In a compound transmitter that includes several transmitter units, the 
optical fibers of the transmitter units are connected to a common input optical fiber by 
a splitter. Ih a compound receiver that includes several receiver units, the optical 
fibers ■ of thef te^ivef units are connected* tb a common output: optical -fiber by a . 
combiner. For transmission over distances greater than several hundred, meters,^ it is . 
necessary to amplify the optical signals 'input* to the transmitter,, using an optical 
amplifier such ^ari^erbiurfr-doped fiber' amplifier ora semiconductor fiber amplifier. 
In a compound 'transmitted brie optical amplifier may be provided for the common 
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input optical fiber, or each transmitter unit may be provided with its own optical 
amplifier. In the latter case, because the input and output of an optical amplifier is via 
a single mode optical fiber, a mechanism such as a FC/APC is provided for coupling 
the single mode output of each optical amplifier to the multimode optical fiber of the 
5 respective transmitter unit 

To facilitate aiming, the transmitter and receiver units of a transceiver are 
aligned mutually so that all their optical axes are parallel. 

The common output optical fiber of a compound receiver preferably is a 
multimode fiber. In case the network interface unit is designed to receive single mode 
10 optical input, the common output optical fiber is provided with a passive adapter, such 
as a graded index lens or a collimator, for coupling the Cbmirion output optical fiber to 
the network interface unit. Similarly, the multim^de , optical fiber of a single-unit 
receiver is pro vided in such a case with a similar jiassive adapter. 

As an alternative to all-optical reception, a transceiver of the present invention 
15 may include an airlink receiver and a fiber optic transmitter, as in the prior art 
universal converter unit The transmitter of the transceiver remains all-optical. 

In the application^ the present invention to the exchange of DWDM signals, 
each network interface unit preferably includes a demultiplexer fdf demultiplexing the 
DWDM signals. ;; , . ; 

20 Although the examples of the present invention described herein are based on 

optical fibers, it is to be understood that the scope of the present invention includes 
optical waveguides generally. The wavelengths of the optical signals that fall within 
the scope of the present invention include infiared, viable, and ultraviolet 
wavelengths, although the preferred wavelengths are those that are commonly used for 
25 optical communication: wavelengths in the neighborhood of 850 nm, wavelengths in 
the neighborhood s>f 1330 nm and wavelengths in the neighborhood of 1 550 nm. 

BRIEF DESCRIPTION OF THE DRAWINGS . .. 

The invention is herein described, by way ;of example: only, with reference to 
30 the accompanying drawings, wherein: . . 1 , ; 7 
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FIG. 1 shows two schematic axial cross sections of two variants , of a 
transceiver unit of the present invention; 

FIG. 2 is a schematic depiction of a system of the present invention; 

FIG. 3 shows three different transceiver unit cluster configurations; ♦ 

FIG. 4 shows a variant of a transmitter cluster that includes optical amplifiers; 

FIG. 5. is a schematic depiction of an alternate transceiver of the present 
invention; r. ^ : . . , ; / - > 

: ; iFIG. 6 is a partial schematic, depict ion of a systeni of the present invention for 
exchangu^ DWDM optic^vagp^. : . v v ,i ? :-v ^ Ci , * : _;i.- t , ; 

DESCRIPTION OF THE PREFERRED EMBODIMENTS , . , - v > , t; , L - 4 - t 

The present invention is of an optical.romm^ which c?n t be ; 

use to link two widely . separated parts of an optical communications network. 
Specifically,^ be used to exchange DWDM signals between 

the two parts of the networfc ; uV . r ; v , : ^ -s^h^t ?W.*.-1:. ~? :.n *■ 1 

The principles and, operation of optical communications according to the 
present invention may, be .better understood with reference to the drawings and; the 
accompanying description, ; vc^ tI . . ? > ,r \ *. * - - r * ; 

Referring now to the drawings, Figure 1 illustrates two variants, 10A and 10B, 
of a basic transceiver unit 10 of the present invention/ Variants 10A and 1 OB are 
illustrated schematically, in axial cross section. ; Both variants are based on a \ 
substantially cylindrical housing 12, at the distal' end 14 of which are imaging optics, , 
represented as a lens 18, and at the proximal end 16 of which is a multimode optical ' 
fiber 20 whose distal end 22 is terminated in a FC/APC 24. Variant 10B includes, in, : 
addition, a single mode optical rfiber 28/opticaIly coupled at the distal end 30 thereof , 
to the proximal end 26 of multimode fiber.20 -by a FC/APC 32. , \ x . ^ , 

Imaging optics 18 define an optical axis 34. When unit 10 is used as a 
transmitter, optical signals emerge from distal; end 22 of optical fiber 20 as a di vergent 
beam of light that is collimated by imaging optics 18 to propagate as a collimated 
beam of light in the direction defined by optical axis 34. When unit 10 is used as a 
receiver, unit 10 is aimed so that imaging optics 18 intercept a portion of an incoming 
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beam of light that carries optical signals. Imaging optics .18 focuses the incoming 
light onto distal end 22 of optical fiber 20. The focal length of imaging optics 18 is 
adapted to the divergence angle of optical fiber 20. 

Typically, optical fibers 20 and 28 are made of optically pure glass. Single 
5 mode optical fiber 28 typically has a core diameter of 9 microns. Multimode optical 
fiber 20 typically has a core diameter of 50, 62.5 and 100 microns, most preferably 
100 microns. The purpose of FC/APC 24 is to suppress reflections at the air-glass 
interface at distal end 22 of optical fiber 20; This. use of an. FC/APC to suppress 
reflections at an interface between a solid optical fiber and a rarefied optical medium 
10 such- as. air constitutes an independent aspect of the present invention. The purpose of 
FC/APC 32 is to connect, and to optically couple, optical fibers 20 and 28. An 
FC/APC is particularly convenient for this purpose because both optical fibers 20 and 
28 typically have the same cladding diameter, 125 microns. \ . , ; r 

Figure 2 is an illustrative schematic depiction, of system, of the present 
15 invention, for linking two parts of an optical communications network, represented by 
two network interface units 58L and 58R. Each part of the optical communications 
network is provided with a transceiver 36 that includes a transmitter 38 and a receiver 
40. Transmitter 38 includes a cluster of three transceiver, units 10 configured as 
transmitter units 42. Each, transmitter unit 42 includes a transmitter optical fiber 50 
20 and a transmitter optical axis 46. Receiver unit .40- includes a cluster of three 
transceiver units 10 configured as receiver units 44. ; Each receiver unit 44 includes a 
receiver optical fiber 52 and a receiver optical axis 48. In variant A of transmitter unit 
42, transmitter optical fiber 50 is multimode optical fiber 20, In variant B of , 
transmitter unit 42, transmitter optical .fiber 50 is the combination of multimode 
25 optical fiber 20 and single mode optical fiber.38, coupled by FQ/APC 32, Similarly, 
in variant A of receiver unit 44, receiver optical: fiber 52 is multimode optical fiber 20, 
and in variant B of receiver unit 44, receiver optical fiber 52 is the combination of 
multimode optical fiber 20 andsingle mode optical fiber 28,; coupled by FC/APC 32. 
As noted below, it is preferred that receiver units 44 be variants A of transceiver units 
30 10. Transmitter optical fibers 50 are optically coupled* at proximal ends 51 thereof, to 
the distal end 65 of a common input opticaf fiber 64, by a Splitter 54; Receiver optical 
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fibers 52 are optically coupled, at proximal ends 53 thereof, to the distal end 67 of a 
common output optical fiber 66. Common input optical fiber 64 is optically coupled, 
at the proximal end 61 thereof, to a fiber optic transmitter 60 of network interface unit 
58. Common output optical fiber 66 is optically coupled, .at the proximal end 63 
thereof, to a fiber optic receiver 62 of network interface unit 58: . 

• Transmitter units 42L and receiver units 44L are mounted' so that optical axes 
46L and 48L all art parallel; ! Similarly; transmitter units 42R and receiver units 44R 
are mounted sothatoptical axesr46R and 48R!alI are parallel In use, transceiver 36L 
is aimed at transteiver:36R;;sa that:thfe^collimated; beams. of light emitted. by 
transmitter uhits^2L ^at Jeas^^^ and sa: that 

the collimMed b^ms of Hgbt eihitted ^y te^mitter units >.42R are; at least- pardy 
intercepted by ^receiver links 44L. Opticsal^signalsftransmittedhy network iitferface 
unit 58L via transmitter 60L are conveyoi,.via optical fibers 64L and 50 L and splitter 
54L/tQ ttansi^^ signals are launched into free space, 

as cbllimated beams of light,! to wards trankeiver 36ft. Atftransceiver 36R2 the optical 
signals received by receiver units <44R aire convened, via optical" fibersi52R and 66R 
and combiner 56R? j t<> receiver 62R of network interface unit 58R Meanwhile, 
optical signals ti^Mft^'^ 58R;via transmitter 60R are 

conveyed, via optical fibers 64R-and 50R atid splitt^54R^;ta%ansniitter units 42R, 
where these optical signals ^relaunched into free space, as cbllimated beams of light, 
towards transceiver 36L. At transceiver 36L; the optical signals received by receiver 
units 44L are conveyed, via optical fibers 52;L and 66L and combiner 56L, to receiver 
62L of network interface Unit 58L. 

Clusters of transmitter units 42 are used in transmitter 38, and clusters of 
receiver units 44 aire used m receiver 40, to overborne scintillation: Figure 3 shows 
transverse views 6f three different fconfigurations of transceiver units 10 in clusters. 
Figure 3 A shows three transceiver units 10 in 'a triangular configuration.:. Figure 3B 
shows four tfcaiisceiver units 10 in square?- configuration. 'Figure 3C shows seven 
trahsceiverunittflOinahex^bnal' v.**.,* 

Kostal et air, in U. S. Patent NoX ^^OiS 15, teaches' a< similar system, for 
temporarily bridging* a break? in an optical-fiber network. Because Kostal et al. base 
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their system on single transmitter and receiver units and on single mode optical fibers, 
they require an elaborate feedback mechanism to keep their transceivers aimed at each" 
other. This feedback mechanism is not needed in the present invention, because the 
use of clusters of transmitter units and receiver units compensates for scintillation and 
5 beam wander, and because multimode optical fibers 20 of the present invention have 
wider divergence angles (order of 2 milliradiahs) than the very narrow divergence 
angles ofthesinglb mode optical fibers used by KostaletaL t 
The system of Figure 2 is adequate for linking two parts of an optical 
commumcatibns network that are separated by distances up to' several hundred meters. 
10 For communicatibhs across greater distances,- the transmitted optical signals must be 
amplified. Figure 4 shows a variatit 38' W'trat&riyiter^S that indudes optical 
amplifiers '70 and 71 for this r purp6se. In variant 38?, each transmitter unit 42 is 
provided with its own optical" amplifier 7(k Each optical amplifier 70 is optically 
coupled to a respective transmitter optical fiber 50 at proxiriial ; end 51 of trananitter 
15 optical fiber 50 and to a ffespfective optical amplifier input optical fiber 72 at the distal 
end 74 of optical amplifier input optical fiber 72. Optical amplifier input optical 
fiberis 72 are optically coupled at the proximal ends 76 thereof to distal end 65*of 
common input optical fiber 64 by splitter 54 and a fourth/ common* optical amplifier ; 
71. Common optical amplifier 7l -is 1 
20 64 at distal end 65 thereof and to an optical amplifier outpiit fiber 78 at the proximal 
end 82 thereof, and the distal end 80 of optical amplifier outptot fiber 78 is optically 
coupled to splitter 54. Note that optical amplifier 71 is optional. The optical fibers 
leading into and out of an optical amplifier 70 must be single mode optical fibers. 
Therefore, transmitter units 42 must be variants B of transceiver units 10. 
25 Optical amplifiers 70 typically are erbium-tfoped fiber amplifiers or " 

semiconductor optical amplifiers. ' : , , 

Although the transfer of optical signals from a single-mode optical 'fiber to a 
multimode optical fiber is energetically efficient, this is not the case for tnmsfer of 
optical signals from a multimode f optical fiber fo a single mode optical fiber. •* 
30 Therefore; it is preferred that receiver units 44 be variants A of transceiver units 10, 
and that optical fibers 52 and 66 be multimode optical fibers. If receiver 62 of a 
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network interface unit 58 is configured to receive single mode input, receiver 62 must 
be provided with a passive adapter 68, as shown in Figure 2 for network interface unit 
58L, to provide efficient optical coupling of common output optical fiber 66 to 
receiver 62. Examples of suitable passive adapters 68 include graded index lenses and 
collimators^ - 

Figure 5 shows -an alternate transceiver 84 of the present invention, optically . . 
coupled to network interface unit 58. Transmitter 60 of network interface unit 58 is, 
optically coupled J>y ; ? ti^sutter opti(^ ; fiber , 86;to a transmitter 38 of the type 
discussed above. Jlec«ivet6?:pf^ 58 is optically ^coupled by a 

receiver optical fiber : 88 to a^co^ygrtef unit jMbthgt is substantially idepUc^ ,tp l TJ^ : 2ft 
of US 5,818,61?. Gonvei^ :i .iui{|t : 90rjs^in t^ielectronically coupled.to .an airliqk 
receiver 92>by g. siutable^nnect©r96w, [Optical signals.intercepted by airlink receiver 
92 are coiiyeited to electronic signals and relayed to converter unit 96, which converts 
the d^tronic, sign^ tweloto ^ v 

/ In Figure 5, dashed line .46, represent? the;optic^i^ 
unit 42, if transmitter 38 includes only one transmitter unit 42,. or the parallel optical 
axes : of all the transmitter units 42 of transmitter 38, if transmitter 38 includes more 
than one transmitter umtv43 C ;AirL^ has an optical axis, indicated by 

reference numeral 94. Optical axes 46 ai^d 94j^-p^lpii .^-.f. t , , 
V Transceiver. 84 is used in, the same way as ; transceiver 3<> to link two different 
parts of an optic^ communicaticm netwoA.. r - / ...... 

- u The. systems of the present invention may be substituted for the system , 
described in US 5,818,619 in any of the applications of the latter system. The systems 
of the present invention also may be used to exchange DWDM signals between two 
widely separated parts of an optical communications network. . Figure 6 is a partial 
schematic illustration of a system of the present invention configured fortius purpose. 
At the transmitting location, transmitter 38L ^ceives DWDM optical signals from 
transmitter 60L of network interfrceunit 58^ and launches ; ; 

those signals as a collimated light beam 104: towards receiver ,40R at the receiving 
location. Preferably, transmitter 38L is ; pge of the. yariants of a ^transmitter , of the 
present invention, that, includes one or more optical amplifiers 70, as discussed above, 
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and optical fiber 64L is a single mode optical fiber. Receiver 40R is optically coupled 
to a demultiplexer 98 by a multimode optical waveguide 104. Demultiplexer 98 
directs each of the incoming carrier wavelengths to a respective channel that includes 
a detector 100 for converting the optical signals carried on that carrier wavelength to 
5 electronic signals and an amplifier 102 for amplifying the electronic signals from the 
respective detector 10ft. — 

The definition of a network interface unit 58, as understood in the context of 
the present invention, is broader than in US 5,818,619. . ; In particular, network 
interface unit 58 may be an RF-opdcal transceiver, such as the SAT-LIGHT -2000 
10 transceiver available from Foxcom Ltd. of Jerusalem^ Israel, that is used for 
converting RF analog signals to optical signals and vice versa. Conventionally, these 
optical signals are exchanged between two separate locationsvia optical fibers. The 
present invention enables these transceivers to be used to exchange optical , sigqals. 
between two separate locations without laying optical fibers between the two 
15 locations. One important application of - this is in cellular telephony. It often is 
desirable to locate a cellular telephony base station antenna at a considerable distance 
from the other base station hardware. The present invention allows tfeis to be done 
without laying optical fibers between the base station and the base station antenna, 
thereby allowing enhanced flexibility in the siting of the base station antenna. 
20 As is well known to those skilled in the art, the preferred optical amplifiers 70 

and 71 for a transmitter 38' intended for the transmission of RF analog signals are not 
the preferred optical amplifiers 70 and 71 that are used for digital applications such as 
DWDM. The optical amplifiers 70 and 71 that are used in analog applications must 
have enhanced linearity. Erbium-doped fiber amplifiers of suitable linearity are 
25 commonly used in CATV applications. . • 

While the\invention has been described with respect to a limited number of 
embodiments, it will be appreciated that many variations, modifications and other 
applications of the invention may be made. 
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WHAT IS CLAIMED IS: 

1. An optical device comprising: 

(a) a multimode optical waveguide having a proximal end and a distal end; 

(b) a single mode optical waveguide having a distal end; 

(c) a mechanism for optically coupling said distal end of said single mode f 
± t *:.' v j optical waveguide to said proximal^ end - of s^d ^idtimpde optical 

•. .^waVggiiide; antf5,S)RjL c'j .2: tr^b sl<<:^<>-'' * 

: (d) C imag&g optics; opticany.<»upled;t4 ^d di^d $nd : pfls^ multimode ( ; 
■ ,; *" -'optiiid^ayeguidel^^^ *c by J. c^oox-. v ^vijxr^n 
^ " ■ st , ?"'i»0 .-.-.* -S'"- 2^:53??, JbV^' oj o>r:n^ *>v^cr 'I? g^w^. 

2. The- optical" device of/claim dv^whejean-said mechanism includes a . 
FC/APG fiber optic connector. > r : ( ^ : - j*-u ■; \ , - 

e:J: rv.\.*;;-J :.vvi : 'i Er-.-Jqc ?';: v /i -..v • 1 

3> The opti<^ device of daim lvfurt^ >j- ; ■ . / 

. .(e)" a mechanism for suppressing reflections; at said distal end of said 
- T > * multimbde optical waveguides i >: - ..-«.- 

4. The optical device of 
reflections includes a FC/APC fiber optic connector; — *? : 

- - •* • vffc-v v? - \ 

- - An optical transmitter, comprising: t ; 

(a) a common input optical waveguide; r . 

(b) a plurality of transmitter * optical waveguides, each said transmitter 
optical waveguide having a distal end; v , ~ , 

1 (c) for, each said transmitter optical waveguide, imaging optics, optically 
' r - coupled to.said distal end of : said each transmitter optical waveguide; 
and *\ . >. .■ { ' ,; . . 

(d) a mechanism for optically coupling said common input optical 
waveguide to said transmitter optical waveguides. 
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6. The optical transmitter of claim 5, further comprising: 

(e) for each said transmitter optical waveguide, an optical amplifier, 
optically coupled to said each transmitter optical waveguide. 

7. The optical transmitter of claim 6, wherein said optical amplifiers are 
selected from the group (consisting of erbium-doped fiberl amplifiers and 
semiconductor optical amplifiers. 

8. The optical transmitter of 

(f) for each said bptfl&l kmphfier, an L ampfifier c input optical waveguide, 
optically coupled to said each optical amplifier; ; : ; 

and herein said mechanism includes a splitter for optically coupling said common 
input optical waveguide to said amplifier input optical waveguid&. ^ 

9. The optical : 'thuismitt£r bf claim 8, wherein said transmitter optical 
waveguides are multimode optical waveguides, the Optical transmitter further 
comprising: - ' ~ ' : : a 

(g) for each said optical amplifier : ;ct * • £ ' - y 

(i) a single mode ah^Iifier dirtput' opfical WaVfcguide* and 7 

(ii) a mechanism for cbiipling saiS 1 amplifier, output optical 
waveguide to a respective transmitter optical waveguide. 

10. The optical transmitter of claim 9, wherein said mechanism for 
coupling said amplifier output optical waveguide to said respective transmitter optical 
waveguide includes a FC/APC fiber optic connector. 

11. The optical transmitter of claim 5, wherein said mechanism includes a 

splitter. 
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12. The optical transmitter of claim 1 1, wherein said common input optical 
waveguide is a single mode optical waveguide and wherein said transmitter optical 
waveguides are multimode optical waveguides. 

13. . The optical transmitter of claim 11, further comprising: . 

(e) , an optical amplifier, optically coupled to said cpmmon input optical . 
waveguide. ■ - . . 

14. The optical UBr^im^€T^of,c}^m^ 13, wherein s^d optical, amplifiers are 
selected from -the;/.- group ^consisting^ ^fi i^bium^doped fiber.., ; amplifiers t and 
semiconductor optical amplifiers^. , ;i v . v iC ^ rr r v,. >; , .', : r A . , !C 

15. An optical receiver; comprising: . 4 . . . 

(a) a common output optical waveguide; 

(b) a plurality of .receiver optical, waveguides,^ raqh said receiver optical 
v. / waveguide having a distal end; . , , . 

(c) for each said receiver optical waveguide, imaging optics, optically 
coupled to said distal end of said each ^receiver optical waveguide; and 

(d) a mech^sm; for : optical output optical 
'i. : waveguide to said.receiver optical waveguides. r 



16. The optical receiver of claim 15, wherein said mechanism includes a 



combiner. 



17. An optical transceiver comprising: < , - 

(a) a transmitter optical waveguide having a distal end; 

(b) u transmitter imaging optics, haying a transmitter optical axis, optically 

coupled to said distal end of said transmitter optical waveguide; 

(c) a plurality of receiver optical waveguides, each said receiver optical 
waveguide having a distal end; and 



4 
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(d) 



for each said receiver optical waveguide, receiver imaging optics, 



having a receiver optical axis, optically coupled to said distal end of 
said each receiver optical waveguide, said transmitter optical axis and 
said receiver optical axes all being substantially parallel. 

j> ■ 

1 8. The optical transceiver of claim 1 7, further comprising: 

(e) a common output optical waveguide; and - m . . 

(f) a mechanism for optically coupling said receiver optical waveguides to 
said common output optical waveguide. : . - . • 



1 9. The optical transceiver of claim 1 8, wherein said mechanism includes a 



(a) a transmitter opticki waveguide having a proximal end and a distal end; 

(b) transmitter imaging optics, optically coupled to said distal end of said 
transmitter optical waveguide; 

(c) at least one receiver optical waveguide having! a proximal end and a 
distal end; v ""■ * : . - o : r t ' 

(d) for each said at least one receiver optical waveguide, receiver imaging 
optics optically coupled to said distal end of said at least one receiver 
optical waveguide; and 

(e) an optical communication network interface unit, optically coupled to 
said proximal ends of said transmitter optical waveguide and of said at 
least one receiver optical waveguide, for transmitting optical signals to 
saiji transmitter optical waveguide, and for receiving optical signals 
from said at least one receiver optical waveguide. . 

2 1 . The wireless communications system of claim 20, including a plurality 
of said receiver optical waveguides. . > 



r 



combiner. 



20. 



A wireless communications system, comprising: 
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22. The wireless communications system of claim 2 1 , further comprising: 

(f) a combiner for optically coupling said proximal ends of said receiver 
optical waveguides to said network interface unit 

23. The wireless communications system of claim 22, further comprising: 

(g) a passive adapter for optically coupling said combiner to said network 
interface unit \ ...v. r- ' : . u . • ; 



24. Hie wireless commtokatkros js^cmof^l^^: wherein said passive 
adapter is selected from the group consisting of graded indfex lenses and collimators. 

r ' . v:-r -i v;t :/:.*? ah^ivv rAsh \o^cv)5:<c*v*3l1 Jici-MO .-'.IT ^ * 

25. The wireless communications system of claim 20, further comprising: 
(f) for each said at least one receiver optical waveguide, a passive adapter 

for opticaUyiicbupling, said ^ pnjximd -end of-said each receiver optical 
wavsgridetb saM o?tw^ ^ ^; 

26. The wireless communications $ystenxof. claim 23^wherein said passive 
adapteris selecte*#dm' tte:group consisting of graded index lenses and collimators. 

27. An optical transceiver comprising: . ^ 

(a) a transmitter optical waveguide having a distal end; - ; . , 

(b) transbitteFiimaging optics; having ai . transmitter optical axis, optically 
coupled to said distal end of said transmitter optical waveguide; and 

(c) ' ah airlihk receiver having a; receiver optical axis substantially parallel 

to said transmitter optical axis; : . ■• < . 

:r > 28. Tbp optical transceiver of daim 27, further comprising: ■ 

(d) a converter unit, electrically coupled to said airlink receiver. 



29. 
(a) 



: A wireless communication-system. ^omprising^ M . \ w ; 

a transmitter optical waveguide having a projpmal^end and a distal end; 
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(b) transmitter imaging optics, optically coupled to said distal end of said 
transmitter optical waveguide; 

(c) an airlink receiver; 

(d) a converter unit, electrically coupled to said airlink receiver; and 

(e) an optical communication network interface unit, optically coupled to 
said proximal end of said transmitter optical waveguide and to said 
converter unit, for transmitting optical signals to said transmitter 
optical waveguide and for receiving optical signals from said converter 
unit J ; 

30. An optical device comprising: - : v 

(a) an optical fiber having a distal end; and 

(b) a FC/APC fiber optic connector serving as a reflection-suppressing 
interface between said distal end and a rarefied optical medium. 

31. A wireless system for transmitting wavelength-multiplexed optical 
signals from a first location to a second location, comprising: 

(a) an optical transmitter, at said first location, said optical transmitter 
including' a multimode input optical waveguide for receiving the 
optical signals; and 

(b) an optical receiver, at said second location, for receiving the optical 
signals from said optical transmitter. 

32. The system of claim 3 1 , further comprising: 

(c) a single mode input optical waveguide, at said first location, said 
mijltimode input optical waveguide receiving the optical signals from 
said single mode input optical waveguide. 

33. The system of claim 32, further comprising: 

(d) a mechanism for optically coupling said single mode input optical 
waveguide to said multimode input optical waveguide. 
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34. The system of claim 33, wherein said mechanism includes a FC/APC 
fiber optic connector. 

35. The system of claim 32, further comprising: 

(d) an optical amplifier for receiving the optical signals from said single 
. f mode.ini>ut.optical waveguide; and 
. (e) ,a mechanise for, optically coupling said optical amplifier to said 
multimode input optical waveguide, so that said multimode input 
optical waveguide receives the optical signals from said single mode, 
input optical waveguide via said ojptical amplifier. 

. t .36. The syst^of cl^im35, wherein said n^ 

(i) ^ a single mode output optical waveguide, receiving the optical signals 
from said optical amplifier; and 
w . (ii) a ECJ/APC fiber optic connector for coupling said single mode output 
optical waveguide to said multimode input optical waveguide. 

37. The system of claim 35, wherein said optical amplifier is selected from 
the group consisting of erbium-doped fiber amplifiers and semiconductor optical 
amplifiers./ ; t ....... i ..... 

38. The system of claim 31, wherein said optical receiver includes a 
multimode output optical waveguide, the system furtherxomprising: 

(c) a demultiplexer, optically , coupled to said multimode output optical 
r , waveguide, for demultiplexing the optical signals. 

39. A method for exchanging optical signals between two parts of an 
optical network, comprising the step? of: . . „ ; , , 

: (a) ...providing each part pf the network with: ^ 
(i) . a network interface unit, and 
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(ii) a transceiver including: 

(A) transmitter imaging optics, 

(B) at least one transmitter optical waveguide for optically 
coupling said network interface unit to said transmitter 
imaging optics, 

(C) receiver imaging optics, and 

(D) at least one receiver optical waveguide for optically 
coupling said network interface unit to said receiver 
imaging optics; and 

(b) aiming said transceivers so that at least part of the optical signals 
emerging from said transmitter imaging optics of a first said 
transceiver are intercepted by said receiver imaging optics of a second 
said transceiver and so that at least part of the optical signals emerging 
from said transmitter imaging optics of said second transceiver are 
intercepted by said receiver imaging optics of said first transceiver. 

40. A method for exchanging optical signals between two parts of an 
optical network, comprising the steps of: 

(a) providing each part of the network with: 

(i) a network interface unit, and 

(ii) a transceiver including: 

(A) transmitter imaging optics, 

(B) at least one transmitter optical waveguide for optically 
coupling said network interface unit to said transmitter 
imaging optics, 

(C) an airlink receiver, and 

(D) a converter unit, electrically coupled to said airlink 
receiver and optically coupled to said network interface 
unit; and 

(b) aiming said transceivers so that at least part of the optical signals 
emerging from said transmitter imaging optics of a first said 
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transceiver are intercepted by said airlink receiver of a second said 
transceiver and so that at least part of the optical signals emerging from 
said -transmitter imaging optics of said second transceiver are 
intercepted by said airlink receiver of said first transceiver. 
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